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S^ ■ Abstract 

Q 

CN . One loop correction to the SUSY Ward-Takahashi identity is calculated on 

lattice with Wilson fermion. The supersymmetry on lattice is broken explicitly 
^ ' by the gluino mass and the lattice artifact. We should fine tune parameters 

(N 



in the theory to the point given by the additive mass correction in order to 
C*^ ■ eliminate the breaking effect of lattice artifact. It is shown that the additive 

^^ ■ mass correction appearing from the SUSY Ward-Takahashi identity coincide 

Q"^ , with that from the axial U{l)fj^ symmetry as was suggested by Curci and 

^|> I Veneziano. Two important symmetries of the super Yang- Mills theory can be 

"t^ I recovered simultaneously in the continuum with a single fine tuning. 

Operator mixing of the supercurrent are also investigated. We find that 

the supercurrent mixes only with a gauge invariant current T^ which is related 



Oh! 



^S^ , to the gamma-trace anomaly. 



X 



Typeset using REVT^ 



I. INTRODUCTION 

There has been a great progress in nonperturbative understanding of the low energy 
behavior of the A^ = 1 supersymmetric QCD [jl|. The analysis is based on the global 
symmetry and the holomorphy of the superpotential and we can derive the nonperturbative 
form of superpotential. This is quite satisfactory when we investigate the vacuum structure 
of the theory. However when it is required to understand the low energy particle spectrum 
including excited states or an influence of the Kahler potential this method is insufficient 
and some other nonperturbative method is required. 

The lattice regularization when applied to a supersymmetric theory breaks its super- 
symmetry explicitly. This is mainly caused by the artifact of the lattice regularization itself 
and the fermion problem on lattice. However ability of the lattice field theory to perform 
the path integral nonperturbatively with Monte-Carlo method is so fascinating that sev- 
eral efforts has been made to resolve the difficulty of SUSY on lattice. These attempts are 
classified into two types. One is to realize a SUSY on the lattice which corresponds to the 
ordinary supersymmetry in the continuum limit pj-Q. Although this method is beautiful 
in construction and can extract peculiar feature of the model due to supersymmetry before 
taking the continuum limit in principle , it is applicable only to the free Wess-Zumino model 
up to now. In order to treat the N = 1 supersymmetric Yang-Mills (SYM) theory, whose 
component fields (gluon and gluino) are forced to stay at different places (links and sites) 
on lattice to keep the gauge symmetry, we need the second method. In this method we do 
not persist in the supersymmetry and discretize the theory straightforwardly making use of 
the well known actions on lattice. The SUSY is recovered only in the continuum |^. This 
restoration of supersymmetry is not automatic and the discussion in Ref. is as follows. 

The SYM theory has two important global symmetries in the continuum. One is super- 
symmetry and the other is axial f/(l)/j symmetry which is broken by the anomaly. Both the 
symmetries are broken explicitly when the theory is regularized on lattice with the Wilson 
plaquette action for gluon and the Wilson fermion action for gluino. The source of this sym- 
metry breaking is classified into the introduction of gluino mass which cannot be forbidden 
in the Wilson fermion and the lattice artifacts of discretization. This explicit breaking effect 
of the lattice artifacts is given by irrelevant operators in the Ward-Takahashi (WT) identity 
and vanishes in the continuum at tree level. However when a quantum correction comes into 
play this term usually produces an additive corrections. It is required to fine tune several 
parameters of the theory in order to recover the symmetry in the continuum. Although 
this fine tuning should be performed independently for each symmetries, we have only one 
parameter (gluino mass) in A^ = 1 SYM which we can freely tune. It is discussed by Curci 
and Veneziano |^ that the both symmetries are restored simultaneously with a single fine 
tuning of the gluino mass to the chiral U{1)r symmetric point. Several Monte-Carlo studies 
of SYM theory have been done along this line |0-|TT| to reproduce the prediction of the low 
energy effective theory [|^,|1^. 

In this paper we formulate the A^ = 1 SYM theory on lattice with the Wilson plaquette 
and the Wilson fermion action according to Ref. 0. We calculate the one loop correction 
to the Ward-Takahashi identity of both the SUSY and U{1)r symmetry perturbatively in 
the gauge variant Green function. It is shown that the additive mass correction appearing 
from the SUSY WT identity coincide with that from the axial U{l)ji symmetry as was 



suggested. This means that the both symmetries of the super Yang-Mills theory can be 
recovered simultaneously in the continuum with a single fine tuning of the gluino mass. 
We also investigate the mixing behavior of the supercurrent with the on-shell condition for 
gluino momentum and mass. The supercurrent mixes with the gauge invariant operator T^ 
as was predicted in Ref. |^. This current is related to the gamma-trace anomaly of the 
supercurrent. An extra mixing with gauge variant operators occurs too. This is because we 
used gauge variant Green function in our calculation. However these extra mixings vanish 
by setting the renormalized gluino mass to zero together with the on-shell condition. 

This paper is organized as follows. In Sec. y we introduce the lattice SYM action and 
the Feynman rules relevant for the one loop calculation. In Sec. |IT1| we define the super 
transformation on lattice and give the concerning SUSY WT identity. The WT identity for 
U{1)r symmetry is also given in this section. Sec. |V| and [V| are devoted to the calculation 
of quantum correction at one loop level for the axial and SUSY Ward-Takahashi identity. 
Our conclusion is summarized in Sec. [VT| . 

The physical quantities are expressed in lattice units and the lattice spacing a is sup- 
pressed unless necessary. We take SU(A^c) gauge group with the gauge coupling g, the 
generator T" and the structure constant f"''"^. The normalization is given as tr(T"T^) = ^S"''^. 

II. ACTION AND FEYNMAN RULE 

The SYM theory is given as a minimally gauge coupled massless adjoint Majorana 
fermion system in the continuum. In this paper we adopt the following lattice regularization 
procedure 0. The gauge part is given by a standard four dimensional Wilson plaquette 
action, 

^gluon = im ^Re tr (Un,^Un+il,uUi^i,^^Ul^) . (II.l) 

n fiu y 

The gluino part is given by the Wilson fermion, 

-^gluino = I] tr -i^{n) (-r + 7^) U^{n)ij{n + ^i)Ul{n) 

+-i^{n + fi) {-r - 7^) Ul{n)i;{n)Uf,{n) + (M + 4r)^(n)7/'(n) 
= ^ tr ^[n) (-r + 7^) \J^,[n)^[n + fi)Ul{n) + (Af + 4r)^(n)V^(n) 



(11.2) 



where gluino filed ip = 4'°'T°- is the adjoint representation of the gauge group and satisfies 
the Majorana condition, 

^ = ^^ = Ci^^ ^ = ^^ = ^^ (-^"0 • (^^-^^ 

The charge conjugation matrix is given as C = 7072- We used this condition in the second 
equality of ( |II.2| ). Our 7 matrix convention is as follows: 
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, 75 = 71727374 



1 
-1 



ei234 = 1 



[7m ' 7:> 



(11.4) 

(11.5) 
(11.6) 



Weak coupling perturbation theory is developed by writing the link variable as U^^^ = 
QwA^{x+fi/2) g^j^^ expanding it in terms of gauge coupling g. We adopt a covariant gauge 
fixing with a gauge parameter a defined by 



5o. = i:5^(v.^;(n + iA 



(11,7) 



We set a = 1 in this paper. The ghosts do not contribute to our present calculation at one 
loop level. The gluon propagator can be written as 



Gt{p) 



1 



4 sin^ p/2 



SfMu - (1 - a 



4sinp^/2sinpj,/2 
4sin^p/2 



6. 



abi 



(11.8) 



where sin^p/2 = X]^sin^p^/2. 

The free gluino propagator is the same as that of the Dirac fermion on lattice, 

\ / E/,sm p^, + W{py 



where 



W{p) = M + r ^ (1 - cospf,) 



(11.9) 



(11.10) 



We set the Wilson parameter r = 1 in this paper. A peculiar feature of the Majorana 
fermion is that the propagators which connect two ip's or two ip's give non zero contribution 



r{p)ri-p)) = sfip) i-c) , (r{pwi-p)) = c-'s^/{p) 



(11.11) 



In order to calculate the one loop correction to the SUSY WT identity we need two kinds 
of gluon-gluino interaction vertex 



rab,c/ 



1 



1 



1 



Vif,'^ik,p) = --gr^{-f^cos-{-k^ + p^) - ir sin -(-fc^ + p^)}, 



(11.12) 



rab,cd / 



VT,r{k,p) = -g' [nr^ + r^r^) {t^, sm-{-k, +p,)-r cos -{-k, + p,)}6^ 



/.lU 



(11.13) 
and three gluon self interaction vertex, 

Gt%p{k,l,p) = Ugr'^'^d^pcos'^sm^ip-l), 

11 p 1 \ 

+6pf, cos ^ sin -(/c - p)^ + 6^^ cos -^ sin -(/ - k)p\ . (11.14) 

Our assignments of momentum and color factors for the vertices are depicted in Fig. ffl. 



III. AXIAL AND SUSY WARD-TAKAHASHI IDENTITY ON LATTICE 

The U{1)r transformation is given as an axial rotation of the gluino field, 

with a rotation parameter a. The corresponding axial Ward-Takahashi identity is given by 
((V^JsmH) O) = 2M {DA{n)0) + (X^(n)O) - /^\ , (ni.2) 

where the axial current js^ and the symmetry breaking terms Da, Xa are 

jUn) = tr (^{n)^^^^U^{n)ij{n + ^l)Ul{n)) , (III.3) 

DA{n) = tr (^(n)75V^H) , (111.4) 

XA{n) = -r ^ tr(v^(n)75f/^(n)?/'(n + ^i)Ul{n) + i){n)-i^Ul{n - ^i)i){n - ^i)U^{n - ^) 



-2V^(n)75V^(n)). (III.5) 

V^ is a backward derivative, O is some operator and a{n) is a localized transformation 
parameter. The trace is taken for the color indices only. 

On the other hand there are several choices for the definition of the supertransforma- 
tion on lattice. The restriction is only to recover the proper form in the continuum limit. 
Adding to this condition we require the supertransformation to commute with the parity 
transformation on lattice as in the continuum, 

P^(f , t)V-^ = 7oV'(-:?, t), V^{x, t)V~^ = V^(-f , t)7o, (III.6) 

VUo{x,t)V-^ = Uoi-x,t), VUkix,t)V-^ = Ul{-x-k,t). (111.7) 

In this paper we adopt the following definition to satisfy the above conditions, 

6^U,{n) = tghf^l Wn)U,{n) + U,{n)i,{n + ^)) , (III.8) 

5^Ul{n) = -igl^,\ {Ul{n)i^{n) + i,{n + ^i)Ul{n)) , (III.9) 

h^{n) = -]^a,,iP^,{n), (III.IO) 

k^{n) = iea^,P^,(n), (III.ll) 

where ^, ^ are fermionic transformation parameter satisfying the Majorana condition. For 
the field strength P^j, we employ the definition with clover plaquette, 

P,An) = I E ^ {U^,An) - UlM) , (111.12) 

f/i^.(n) = U^{n)U,{n + fi)Ul{n + v)Ul{n), (III.13) 

U2,M = UMUlin -fi + u)Ul{n - /i)f/^(n - /i), (III.14) 

f/3M.(^) = Ul{n - fi)Ul{n -fi- u)U^{n - jl - u)U,{n - z>), (III.15) 

U^^M =Ul{n- u)U^{n - u)U,{n + fi - i>)UUn). (III.16) 



This definition is slightly different from the original one [^ . 

By transforming the vacuum expectation value of some operator 

(O) = /" rf[/rf^Ce-^s'"°"-'^s'-"° (III.17) 

with a localized transformation parameter we find the SUSY WT identity on lattice, 



{{V.S^in)) O) = M {Ds{n)0) + {Xs{n)0) - ( 



/ 50 



van)/' 
where the supercurrent S^ and the gluino mass term Ds become 



(III.18) 



Dsin) = ^apatr {Pp^{n)ip{n)) . 



pa 



The explicit SUSY breaking term Xs is given by a sum of four terms 



K4), 



with 



xS\n] 



Xf(n) 



Xsin) = X«(n) + XPin) + xf (n) + X^-'ln) 



^mp^tr Pp^{n)(^ilj{n) - - {Uf,{n)ilj{n + fi)Ul{n) 

"2 (^i(^ - ^)) ^(^ - ^^)Up{n - fi)) , 
J2 7^^pupalul5i'^{ul{n)-^{n)Up{n)Pp^{n + fi) 
-Up{n - jj,)ilj{n)Ul{n - ^i)Ppa{n - /i) 



(III.19) 
(III.20) 



(III.21) 



(III.22) 



(III.23) 



Xf{n) = ^7,tr(f/^(n - /i)^(n)[/t(n - ^i)Hp,{n - /i) + Ul{n)i;{n)Up{n)Hp,{n + /i) 

p,v 



-2'4j{n)Hp,{n) 



(III.24) 



Xf{n) 



W E {l,r{n)) /H (-r + 7^) r{n + /i)tr ( [^^ T"] t/^(n)T^f/t(n: 



+ {lpr{n)) /(n) (r + 7^) r{n - /i)tr ( [T^ T'] U^n - /x)r^f/^(n - /x) 
where if^,y is given by a subtraction between the clover leafs, 

(jCU 



(III.25) 



'/l!/l 



f/2,^.(^) - Ul^M) - {Us,pM - uIpM))- 



(111.26) 



Here we notice that Xg , X^ come from the pure gauge part and X^ , X^ are originated 
from the gluino action. Especially Xg is given by transforming the gluino field in the 
Wilson term. 

At tree level the breaking terms due to the Wilson fermion Xg , Xg represent the 
0{a) irrelevant operator and those from the plaquette action Xg , Xg represent the C?(a^) 
operator. The SUSY WT identity is recovered in the continuum with the gluino mass set 
to zero since all the irrelevant operators vanish and the lattice supercurrent S^{n) gives the 
continuum form 

SM -^ - E ^P-7Mtr (Fp.V') • (111.27) 

pa 

However at one loop order every term gives the finite contribution and the symmetry restora- 
tion becomes nontrivial. 

Derivation of the Feynman rules for the supercurrent and breaking terms is straight- 
forward but tedious task and the results are very complicated. We omitted them in this 
paper. 



IV. ONE LOOP CORRECTION TO AXIAL WARD-TAKAHASHI IDENTITY 

In this section we calculate the one loop correction to the axial Ward-Takahashi identity. 
We consider the WT identity with O = ip{y)ip{z): 



= ((V^j5^(n)) ^(i/)^(z)) - 2M [DA{n)i;{y)i;{z)) - (X^(n)V^(y)V^(;.)^ 

+5n,yl^ {^{ny^{z)) + 5n,z {^{y)^{n)) 75. (IV.l) 

We calculate the quantum correction to each Green functions in the identity. Although our 
fermion is Majorana the one loop correction becomes the same as that for the Dirac fermion 
system [|14| except for the color factor. One loop contributions to the Green functions 



(V^js^) i})il)j and (XA'ip'ip) are given by the four diagrams in Fig. 0. One loop level full 
Green functions become 



{xMk)mr = _,u%-iM (^(^ + ^)m^'^^m^5 + (^-^ + ^0)^5) u^%M - (^^-3) 



Z^iM^' w^ c.,^,. , "^'^'i^ + Z-iM 



One loop correction to (DAipi^) is given by the first diagram in Fig. 0, 

The vertex corrections T^ and Tp depend on the gluino external momentum and mass 
and they have infra-red divergence atA;=p = M = Oin general. In order to regularize the 
infra-red singularity we adopt the following subtraction scheme, 

TA{k,p,M) = {TA{k,p,M) -TrHk,P,M)) +TrHk,P,M), (IV.5) 

7 



where T™"*' is a vertex correction given by integrating the continuum Feynman rule with 
lattice loop momentum between — vr/a and vr/a. Since T™"^*' has the same IR singularity, the 
IR divergence is subtracted in the first term of ( [1V.5| ) . We evaluate it by a Taylor expansion 
around {k,p,M) = (0,0,0). The second term should be calculated analytically keeping the 
IR regulator finite. In this paper we introduce a gluon mass A into the gluon propagator 
inside the loop as an IR regularization ^. We can evaluate T^^^' quite simply with a Taylor 
expansion in terms of {k,p, M) keeping A finite. 



Tr'-{k,p,M;X)=TrH(i-A) + k 



gTl°'^*-(0;A) 
dk„. 



+ 



(IV.6) 



where T^°'^*'(0; A) contribute to the renormalization of the operator and the remaining terms 
are 0{a) errors. 

In this scheme the vertex corrections are given as follows 



Ta = 1 



9' 



167r2 

,2 



:Nr 



log ^-6.977 



TC^ 



Tp = l + 



9 



IGvr' 



:N, 



-4 log -^ + 2.585 



vr^ 



X, 



x„ 



Xn 



9' 



167r2 

,2 



9 



167r2 

^2 



iV,(8.664), 
Arc(-19.285), 



9 



16tt'- 



:A/'c(102.8694). 



(IV.7) 

(IV.8) 

(IV.9) 
(IV. 10) 
(IV.ll) 



The gluino wave function and mass renormalization factors are evaluated by the quantum 
correction to the gluino propagator. 



1 + 






log 1:^ + 15.641 



TT^ 



1 + 



16772 



:Nr. 



3 log M!- 8.584 



TT" 



(IV.12) 
(IV.13) 



The renormalization of operators is given to keep the proper form of the axial WT identity. 



Ga = i{V,J,,) i'{k)i^{p)T'' - 2M {DA^Pik)^ip)] '"" 



Xa^{p)'^{p)] 



^ Strictly speaking this IR regularization procedure cannot be applied to all the quantum correc- 
tions in the SUSY WT identity because there is a gluon propagator in the external line and its 
wave function renormalization is required. The IR divergence of the gluino and ghost loops in the 
gluon polarization cannot be regularized. However we proceed our calculation with this scheme 
since we are only interested in the one loop vertex correction whose IR divergence is treatable in 
this method. 



Z-}M 



^(A; + pV(T^-X,)7,75-2(M(Tp + ^)+^)75 



Z2 [Za {id,j,,) Hk)i/j{p))^ - 2Mr {DA^{k)^ljip)^^ 



(IV.14) 
(IV.15) 



where suffix R means renormalized quantity. The gluino mass is renormahzed as 

M« = Z-i(M-So), (IV.16) 

where Sq is an additive mass correction 



-^ = Tf^iV,(-51.4347), 

2 lOTT^ 



(IV. 17) 



which gives the critical hopping parameter corresponding to the chiral symmetric point 



K, = -ll-^). 



(IV.18) 



The multiphcative mass renormahzation factor evaluated from the WT identity agrees with 
that from the gluino propagator 



Z-' = Z2 Tp + 



X„ 



1 



9' 



167r2 



:iV. 



3 log M!- 8.584 



vr^ 



(IV.19) 



The renormahzation factors of the axial current becomes unity in order to keep the axial 
WT identity 



Za = Z2 {Ta - Xa) = 1.000. 
Numerical errors of the finite parts in this section are in the last digit written. 



(IV.20) 



V. ONE LOOP CORRECTION TO SUSY WARD-TAKAHASHI IDENTITY 

We consider the following SUSY WT identity with O = Aa{y)ip{z): 







iV,S,{n)) A^iy)i;{z)) - M (DsHA,(i/)^(^)) - {Xsin)A^iy)i;iz 



+Sn,yla (lp{y)lp{z)'j + 6n,z-(^pa {A^{y)Ppa{,z)) . 



(V.l) 



Although these Green functions are gauge variant we can derive gauge independent quantities 
such as additive mass correction correctly. One loop corrections to the Green functions 
Uy f^S p) Aaipj ■, (DsAa^jj) and (Xg Aa4>) with i = 1,2,3 are given by the diagrams in 
Fig. ^ The one loop correction to the explicit breaking term with i = 4 is given by the two 
diagrams in Fig. |[ 

As was discussed in the previous section we introduce the gluon mass A here again in 
order to settle the IR singularity at vanishing external momentum and gluino mass. All 
the IR divergence in the one loop vertex correction appears from the first four diagrams of 



9 



Fig. ^ and can be regularized in this scheme. The fermion loops in Fig. ^ do not have any 
IR divergence. 

We calculate the one loop contribution imposing the on-shell condition to the external 
gluino momentum, 

r(2^ + MR)=0, (V.2) 

where F represents some operator vertex. This is applicable to the bare mass inside the one 
loop correction by making use of the relation g'^M = g'^Mii + 0{g^). The one loop correction 
to the Green functions ((V^S*^) A^-?/') and (DsAaip) are 

(V.3) 



-(•s") , n u u „, \^^s) 






DsA^{k)i^{p))^ = 1 (tMk.a.yj'^ + pjT^} + P^.tSI) -t^, (V.4) 



where 

Tf = J^iV. (-27.874(1) + ^) , (V.5) 

tP = -^N,{6.372{1)), (V.6) 

T'^' - if^^c (-3 m i^ - 23.6453(7) + ^) , (V.7) 

Ti? = Y|^iV, (1.000(1)), (V.8) 

rS = Yf^Ar, (-1.000(1)). (V.9) 

The finite term proportional to l/N^ emerges from the last tadpole diagram in Fig. |^. In 
the above the finite part of the loop correction is evaluated by performing the loop integrals 
with the Monte Carlo routine VEGAS in double precision. We employ 20 sets of 10^ points 
for integration. Errors are estimated from variation of integrated values over the sets. We 
eliminated the terms when their coefficients become smaller than the numerical errors. Here 
we remind that the logarithmic divergence appears only in the term concerning to the mass 
renormalization. 

The one loop contribution to the explicit breaking term lXsAail>j is given by 

1 r,. . /. ^(Y\ „(x) 



XsA^{k)^lj{p)^^ ^2 






14 + M' 



(V.IO) 



where 



10 



Tf^ = Yf^ AT, (-7.775(1)), (V.ll) 

^t""^ = t|-^^- (3.3716(7)) , (V.12) 

^d"- = T|-^iV,(51.4345(5)), (V.13) 

Tif^ = Yf^iV, (11.130(1)), (V.14) 

^G? = T^iVc (-2.000(1)), (V.15) 

TS = Y|^iV, (-1.842(2)). (V.16) 

Here we should notice that the one loop correction to the SUSY explicit breaking term Xs 
produces an additive mass correction given by (|V.13| ). This additive correction coincide 
with that from the axial Ward-Takahashi identity ( [IV. 171 ) within a numerical error. This 
fact confirms the prediction of Ref. 0]. We have a comment on the origin of this additive 
correction. The SUSY explicit breaking term Xs can be classified into four parts Xg . 
Xg is given by supertransforming the gluino fields of the Wilson term, Xg appears from 
the gluino action by transforming the link variable in the covariant derivative. X^. , Xg 
are originated from the gluon plaquette action. Since the additive mass in the axial WT 
identity (|IV.17| ) is due to the axial symmetry breaking term given by rotating the Wilson 
term, it might have been expected that the additive correction in the SUSY WT identity 
comes only from Xg , Xg which are directly related to the Wilson term. However Xg , 
Xg produces only 80% of T^'^' and remaining 20% is a contribution from Xg\ Xg . 
Contributions from each Xg is given in table |. The Wilson parameter dependence of Tf^^' 
is given nontrivially inside the diagram multiplying Xg , Xg with the Wilson parameter 
in the gluino propagator and the interaction vertex. We depicted the r dependence of Sq 
and T^^' in table ||, which are in good agreement for every r within a numerical error. 
Summing up all the contributions we can investigate the mixing behavior. 

4'^ = ((V^^m) A^{k)^{p))^ - M {DsA^ik^p))^ - (XsA^ik^p) 
1 



-ka^TcK - Pa^TcP - P^laTcM ., , ,, , 



(V.17) 



where 



y(i) ^ y(5) _ y(x) ^ _|^^^ ^20.099(2) + ^] , (V.18) 



c 



2 

T^^) = Ti^) - Ti^) = -^N^ (3.000(2)) , (V.19) 

lOTT^ 

tS' = Tlf' + Tif ' = ^_K (-3 In M! _ 12.515(2) + g) , (V.20) 

11 



Tgk = 4x = ^N, (-2.000(1)) , (V.21) 

Top = 4? = t|-^^c (1.000(1)) , (V.22) 

Tgm = Tlf^ + tS = ^N, (-2.842(3)) . (V.23) 

Now we consider the mixing property of the operators by making use of the continuum 
form of the Green functions 

{{d,S,)A^ikmp)) = ^^(k,+p,)Ka.^^,-^^, (V.24) 

idMA^ik)i^{p)) = ^ik,+p,) i6,J - A;^7a) -^^. (V.25) 

DsA^{k)^{p)) = ^Mik^a^o.-^^, (V.26) 

{{d.A.l^i,) AMHp)) = -^M^^^' (V-27) 

{{A.d.m AM^ip)) = -^pj-^^^ (V.28) 

{4d,d,^) AMi^ip)) = -l^lc-^. (V.29) 

Here we introduce a gauge invariant fermionic current with dimension 7/2 

T^in) = 2tr (P^,(n)7,7/^(n)) . (V.30) 

We can easily see that the first term in (|V.17|) with Tg contribute to the multiphcative 



normahzation factor of the supercurrent. The second term with Tj^ represents the mixing 
with a gauge invariant current T^ as was discussed in Ref . . Mixing with T^ is also reported 



in the continuum theory with the dimensional regularization |15|. This term is related to 
the gamma-trace anomaly corresponding to the super conformal symmetry breaking. Its 
coefficient Tj^ is identical with the one loop level /^-function of the A^ = 1 SYM, 

4') = -^3N, = -(hd22R (V.31) 

IGvr"' g 



as was required for the gamma-trace anomaly [|I^. The third term gives the additive and 
multiplicative mass correction. The remaining three terms are mixing with gauge variant 
operators. This mixing is because we adopted gauge variant operator O = Aa{y)ip{z) in 
( |V.1| ) and fixed gauge in perturbative calculation. However these extra mixings disappear if 



we impose on-shell condition to the gluino momentum and set the renormalized gluino mass 
to zero 

i]^ = -Mr = 0. (V.32) 

Hereafter we assume the existence of a consistent IR regularization scheme with the gluon 
mass procedure for the gluon wave function. If the gluon wave function renormalization 
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factor ^3 is derived in a well defined manner the one loop level full Green function can be 
given 



-Zn^/Z^2 (m + T^'') {DsA^{k)i^{p) 
+Ti^U{VMA^ikmp) 



R 

'kWv)) 

R 
' R 

+Tgk {{d^A^m AM^ip) 

+TGp{{A^d,^ij)A^{kmp)] 

+Tgm ({4d,d,ij) A^{k)i^{p)) ^ , (V.33) 



R 



where Z2 is the gluino wave function renormalization factor (|1V.12|) . The renormalization 
factors are given as 

Zs = v/^(l + Tf), Zd = ^/z^2{i+tS^). (V.34) 

The logarithmic divergences in the gluon and gluino wave function renormalization factor 
are canceled with the multiplication Z3Z2 as is easily confirmed in the continuum with 
dimensional regularization and the supercurrent renormalization factor Zs remains finite. 
The renormalization of the gluino mass is 

Mr = Zd[m + T^"""-) , (V.35) 

which gives the same critical mass as in ( p.V.17| ). 

VI. CONCLUSION 

In this article we regularize the supersymmetric Yang-Mills theory on lattice with the 
Wilson plaquette action for gluon and the Wilson fermion for gluino. In this regularization 
the supersymmetry and axial f/(l)_R symmetry of the continuum SYM theory is broken 
explicitly. However both of the symmetries can be recovered in the continuum by fine 
tuning the mass parameter. 

In order to see this restoration process we calculated the one loop correction to the SUSY 
Ward-Takahashi identity perturbatively. It is shown that the additive mass correction (the 
critical mass) given by the SUSY Ward-Takahashi identity coincides with that from the axial 
WT identity. This means the SUSY and the U{1)r symmetry can be restored simultaneously 
in the continuum limit with a single fine tuning of the gluino mass. Since tuning to the chiral 
symmetric point is a well known subject in computer simulation, there would have been no 
technical difficulty to deal with the SYM system on lattice even nonperturbatively if the 
axial f/(l)_R symmetry had no anomaly. The chiral symmetric point cannot be given by the 
vanishing pion mass for the anomalous U{1)r symmetry of SYM and an alternative method 
is needed. Application of the vacuum degeneracy of residual Z2n^ symmetry due to gluino 
condensation seems to be hopeful [^ . 
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The supercurrent on lattice mixes nontrivially with T^. If we can extract this gamma- 
trace anomaly part nonperturbatively from the SUSY WT identity we may be able to 
evaluate the exact /9-function of the N = 1 SYM theory. 

A peculiar point in our calculation is that the SUSY breaking term given by supertrans- 
forming the plaquette action also contribute to the additive mass correction. Therefore 
when we consider to use the domain- wall fermion as a gluino part, it is nontrivial to see 
disappearance of the additive mass correction. Because the domain-wall fermion system 
contains the Wilson term in its action before integrating out the unphysical heavy modes. 
The negative unity Wilson parameter remains in the gluino-gluon interaction vertex. This 
is a fascinating future problem. 
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TABLES 

TABLE I. Contribution to additive mass correction from each X^ at r = 1. 80% of the 
contribution is given by Xc and X^ . 



xh 


x« 


Af) 


Af 


4'^ 


Tff^ir) 


42.2083(5) 


7.32191(2) 


2.85525(4) 


-0.95093(2) 



TABLE IL Wilson parameter dependence of the additive mass correction from axial and SUSY 
WT identity. Both results are in good agreement for every r within a numerical error. 



r 





0.2 


0.4 


0.6 


0.8 


1.0 


rpadd. 

So 






19.793(8) 
19.791(1) 


30.707(8) 
30.695(2) 


38.286(7) 
38.283(3) 


44.964(8) 
44.960(4) 


51.4345(5) 
51.4346(1) 
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FIG. 1. Quark- gluon vertices needed for our one- loop calculations. 
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FIG. 2. One loop diagrams which contribute to the operator vertex correction in the axial 
Ward-Takahashi identity. F = js^, Da-, Xa for the first diagram and F = js^, Xa for the remaining 
three. 
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FIG. 3. One loop diagrams which contribute to the operator vertex correction in the SUSY 
WT identity. T = S^,Ds,X^g~^\ 
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FIG. 4. One loop diagrams which contribute to the exphcit SUSY breaking term; F = Xg 



(4) 



20 



